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I. INTRODUCTION
S INCE THE FIRST DECADES of the 20 th century scholarly activity in economics has expanded rapidly. 1 A century ago, co-authored scientific articles in general and economic papers in particular were, in stark contrast to today, more the exception than the rule. A representative example of this, as we will show in this paper, is the development of publication trends in the Journal of Environmental Economics and Management, which is the leading journal in the field of environmental and resource economics. 2 In this paper, we empirically investigate the first 36 years of the Journal of Environmental Economics and Management by analyzing all articles published in the journal up to 2010. We focus especially on the development of structural patterns of co-authorship, the increasing complexity of the discussed subject matter, publications by female economists in JEEM, and the incremental growth in international collaboration.
Analyses of the structure of co-authorship are commonly based on four hypotheses: First, the division of labor hypothesis, which states that specialization occurs in line with the growth of a market, an argument dating back to Adam Smith. The second hypothesis is the opportunity cost of time hypothesis, which posits that there are increasing pressures to publish in the field of economics. The third hypothesis is the the quality hypothesis, which is a synthesis of the first and second hypotheses. This hypothesis states that due to increasing complexity and specialization, researchers are pushed to collaborate in order to maximize the quality of an article. Finally, the diversification hypothesis takes the uncertainties of the editorial and reviewing process into account. This hypothesis states that an increased tendency toward intellectual collaboration can be expected in order to maximize research output under the constraints of limited time and especially journal space (Piette and Ross, 1992) . However, we do not stick to the commonly used hypotheses but that we investigate also other potentially relevant drivers of co-authorship. We use the four hypotheses as a starting ground for further analysis. Previous studies have focused in particular on either a relatively rough measure of the quantitative content of each article (McDowell and Melvin, 1983; Barnett et al., 1988) or have examined a very short timeframe (1984 to 1986 in Piette and Ross (1992 ). We investigate every article in JEEM from Volume 1 in 1974 to Volume 60 in 2010 in terms of their quantitative content (equations, figures, tables, appendix), acknowledgment of individuals and financial support, the gender structure of the authors, and the geographical distribution of co-authors if the article was written by more than one person. This paper is organized as follows: Part one charts notable developments in the publication of articles in JEEM in a descriptive fashion. Our disaggregated data set describes a variety of article characteristics. We show that the incident and extent of co-authorship have increased significantly, that empirical research has gained more attention over time, that the number of acknowledged persons has increased and that the fraction of arti-cles in which a woman has participated has risen from just over 0 % to more than 30 %. Furthermore, we show that only 16 % of co-authored articles in 1975 were written by authors in different geographical locations, while this number increased to more than 75 % in 2010. In the second part of the paper we investigate empirically how the evolution of these characteristics over time has impacted the status of co-authorship. We find empirical support for the rising incidence of co-authorship with the growth of the field of environmental and resource economics and the increasing complexity in economics. Beside the four main hypotheses, we test an additional fifth hypothesis: the competition for external funding hypothesis. As research has become more demanding in terms of both skill and financial expense, a critical mass of expertise and reputation is now necessary in order to obtain external funding. Furthermore, "it is also conceivable that the possible tendency of some grant-giving agencies to favor collaborative research may also have been a significant factor in explaining the growth of multi-authored papers" (Hudson, 1996, p. 157) . Environmental and resource economics is characterized by a high degree of interdiscplinarity (see e.g. Bjurström and Polk, 2011) . As a consequence, there is an increased likelihood of collaborative research and jointly written publications. Our empirical model finds strong support for this external funding hypothesis; the presence of external funding thus seems to be an important driver of intellectual collaboration in environmental and resource economics.
Following this introduction, we briefly summarize the relevant literature in section II. We then start our analysis by describing our data and variables in section III. Next, we present a descriptive analysis. Our empirical models are subsequently introduced in section IV. Lastly, we draw some tentative conclusions.
II. RELEVANT LITERATURE
In 1991 Shogren and Durden conducted a review of the first 15 years of the Journal of Environmental Economics and Management (JEEM). They identified the 25 institutions that had contributed most to the research output of JEEM, investigated which countries alongside the United States had contributed the most, examined how articles from JEEM had been recognized by other economic journals, and determined which 10 articles were the most cited. 3 In 2000 the Journal of Environmental Economics and Management celebrated its 25 th birthday. Fisher and Ward (2000) and Smith (2000) investigated these 25 years empirically. Fisher and Ward (2000) focused their analysis on natural resource economics and research trends in this subfield. They found that about half of the articles published in the first 35 volumes dealt with natural resources. Smith (2000) investigated the development of non-market valuation in the first 25 years of JEEM. However, none of these articles has focused on intellectual collaboration and co-authorship in JEEM. This is an noticeable gap in the literature that we seek to address. An example of a theoretical treatment of co-authorship issues can be found in Engers et al. (1999) . The authors derive the result that "an alphabetical name ordering will exist as a norm in a noncooperative game with self-interested agents" (Engers et al., 1999, p. 881) . Past empirical studies have examined the production of scientific knowledge in economics (Lovell, 1973) , patterns of co-authorship for individual economists (McDowell and Melvin (1983) ; Hollis (2001) , and Hilmer and Hilmer (2005) ), the development of co-authorship in certain economic subfields, 4 or, like most of the studies, the focus was set on the major economic journals (McDowell and Melvin (1983) ; Barnett et al. (1988) ; Piette and Ross (1992) ; Hudson (1996) , and Medoff (2007) ). McDowell and Melvin (1983) develop a utility-based microeconomic model for an individual researcher and tested various hypotheses regarding the co-authorship of articles. Barnett et al. (1988) extend this framework and explore the incidence of co-authorship for The American Economic Review between 1960 and 1985. Piette and Ross (1992) show that the frequency of co-authorship differs for different economic specialties. Hudson (1996) identifies potential reasons for co-authorship and compares eight leading journals and Medoff (2007) employs a production function approach to show that co-authors in economics are equivalent substitutes in production. All of these studies find a rising incidence and extent of co-authorship in economic publications, the reasons for which are explored below. Notably, Laband and Tollison (2000) compare the social science of economics with the natural science of biology, concluding that the "social sciences may indeed be more 'social´than the natural sciences" (Laband and Tollison, 2000, p. 661) in terms of the frequency of co-authorship. Nevertheless, surprisingly few articles deal with environmental and resource economics, a subfield which has become more and more important in the economics profession. Costanza et al. (2004) investigate the subtopic of ecological economics and which ecological economics publications have had the biggest impact. Ma and Stern (2006) focus particularly on the two leading field journals (JEEM and Ecological Economics). Auffhammer (2009) broadens the scope of the analysis but he focuses on Google Scholar as a source of information on citations and article impact. As Auffhammer (2009) pessimistically notes in his first sentence, one could "conclude that nothing published in environmental and resource economics has mattered to the general economics profession" (Auffhammer, 2009, p. 251) . This is a somewhat glaring gap in the literature, for Piette and Ross (1992) and Laband and Tollison (2000) have both offered empirical evidence for the fact that intellectual collaboration is most important in the field of the environmental and resource economics. 5 In this study, we build on the work of McDowell and Melvin (1983) ; Barnett et al. (1988) ; Piette and Ross (1992) , and especially Laband and Tollison (2000) to assess empirically the structural pattern of co-authorship and its impact on the relevance of an article published in JEEM.
III. DATA AND DESCRIPTIVE STATISTICS
Before turning to the empirical analysis, we first describe the data used and how we have constructed the variables we control for. Subsequently we present some interesting descriptive facts about how JEEM has evolved over the past 36 years. First, we illuminate how the incidence and extent of co-authorship have developed in JEEM. We then discuss trends in articles' quantitative content in relation to the status of co-authorship. Finally, stylized facts about acknowledgements, geographically distant collaboration, author gender, and external funding are addressed before we turn to our empirical analysis.
A. DATA AND VARIABLES Our sample is a set of 1436 articles, published in the Journal of Environmental Economics and Management between 1974 and 2010. The source is the Social Science Citations Index (SSCI), provided by Thomson Reuthers. The SSCI offers a range of information about each article, including the number of authors, the number of pages, and how many times the article has been cited. For some characteristics, however, we had to collect data by hand. We gathered data on a number of content-related characteristics, including the number of equations, tables, figures, and appendices contained in each article. We then used this information to classify each article as purely qualitative, theoretical, quantitative, or both theoretical and empirical. We also gathered information on author gender and his or her institutional location. We counted the number of acknowledged colleagues and checked whether an article had acknowledged external funding or not. This information allowed us to set up an empirical model in order to identify potential drivers of the decision to collaborate with another author.
B. SOME DESCRIPTIVE EVIDENCE

Incidence and Extent of Co-Authorship
When investigating the pattern of co-authorship, we specifically examine two different characteristics. First, changes in the incidence of co-authorship, which designates the fraction of articles with more than one author, and second, the extent of co-authorship, that is, the average number of authors in co-authored papers (Laband and Tollison (2000) ). The evolution of the incidence and extent of co-authorship is depicted in figures 1a and 1b, where we compare trends at JEEM to six major economic journals ("core journals"). 6 A few interesting facts emerge from this comparison: In the initial two volumes of JEEM, the fraction of sole-author papers was remarkably low compared to our reference group of the core journals (≈ 38 % in 1974) . After the first two volumes, this fraction subsequently increased, fluctuating between 50 − 70 % until the end of the 1980s. The fraction of single-authored articles reached a peak of ≈ 72 % in 1988, before dropping rapidly and continuously to only 15 % in 2008. 7 With regard to the core journals, we find no sideways trend between 1974 and 1988. The fraction of single-author papers decreased constantly, dropping from 75% in 1974 to 25% in 2010. In this way, the incidence of coauthorship for articles published in JEEM and the core journals increased significantly during the period under examination.
An average article in JEEM was written by 1.71 authors in 1974. Logically, the same trend that applies to the fraction of single-authored papers is also observable for the growth in total number of authors between 1974 and 1988. After 1988, the average number of authors increased steadily, reaching approximately 2.5 in 2009. The trend at the core journals was very similar, although the overall number of authors was lower. The average number of authors in the core journals rose from 1.28 in 1974 to 2.17 in 2010. We thus find that the extent of co-authorship has increased for both JEEM and the core journals. Hudson (1996) and Laband and Tollison (2000) have argued that the rising quantitative content and associated increasing complexity of the field of economics could be an important explanatory factor for the rising incidence of co-authorship. Hudson (1996) compares general economic journals (such as The Economic Journal or The Quarterly Journal of Economics) with quantitatively oriented journals (such as The Review of Economics and Statistics). He finds evidence that the probability of co-authorship is higher in quantitatively oriented journals. In order to determine whether the quantitative content has an influence on the pattern of co-authorship in JEEM we have counted the equations, figures, tables, and appendices in each of the 1436 published articles between 1974 and 2010. Table 1 provides a statistical overview of the different forms of authorship. We then studied whether the means differed significantly. While the two-group mean comfind that the slope of the timeseries changes significantly at the 5 percent level in 1977 , 1989 , and 1999 for the estimation and a graphic representation).
parison tests for appendices are inconclusive, the tests for the number of equations and number of tables indicate strong support for structural differences, rejecting the null of equal means at the 1 % significance level and for figures at the 10 % significance level. The logical consequence is thus to investigate how quantitative content influences the incidence and extent of co-authorship. We do this in our empirical model later in the paper. 
Observations Equations Tables Figures Appendix
Type of Articles
We used the information about quantitative content to categorize the articles as qualitative, theoretical, quantitative, or both theoretical and quantitative in nature. Of course, how an article should be categorized is often a subjective matter. We follow Figlio (1994) in our categorization approach. A paper is considered "qualitative" if it is a survey, a case study without empirical analysis, or a commentary piece. An article is defined as "quantitative" if it is purely empirical and when almost no theoretical models serve as a basis for estimation. We also classify articles as empirical if real, as opposed to artificial, data are used. Theoretical articles are purely theoretical discussions or papers that utilize techniques for simulation with artificial data. And, finally, we have classified articles as "theoretical and empirical" when they include substantial theoretical and empirical components (e.g. the derivation of reduced form estimation equations from a theoretical model and their testing in an econometric framework). Figure 2 summarizes the evolution of the different types of article categories in JEEM. We find that articles in the journal have become substantially more empirical in the last few decades. While purely qualitative articles have vanished after 2000 and the share of purely theoretical articles has declined in the past three decades, empirical work has gained more and more importance. As we will show in the empirical part of the paper, this has impacted patterns of co-authorship in the journal.
Acknowledgments, Geographically Distant Collaboration, Females, and External Funding
What are possible additional motive factors behind collaboration? To answer this question, we not only investigated forms of formal co-authorship but also informal intellectual collaboration. To this end, we counted the acknowledgments mentioned in each article. As an author usually benefits from the comments of a colleague, the least he or she can do to thank is to offer a "thank you" in the acknowledgments. Such acknowledgment may represent an incentive for the collaborating individual to provide input when time constraints would otherwise limit more extensive collaboration and elevation to co-author status. Hence there could exist a trade-off between acknowledgments and co-authorship status. We also investigated whether patterns of collaboration between (2000) is whether the probability of an article being co-authored changes when one of the authors is female. They find that an author being female has the largest positive marginal effect on the probability of co-authorship. Surprisingly, female gender reduces the chances of co-authorship when the authors are geographically distant (Laband and Tollison, 2000, p. 644) . We analyzed all JEEM articles written under participation of a female researcher (whether as a single-author or co-author). 9 Finally, we investigated each article with regard to whether external funding was acknowledged or not. There is a significant difference between single-and multi-authored articles in terms of the frequency with which external funding is acknowledged. While approximatively 34 % of single-authored papers contained thanks for external funding, the corresponding share among multi-authored articles was roughly 55 %. The average number of authors was 2.09 for articles that mentioned external funding and 1.66 for those that didn't. A mean-comparison test indicates a strong difference between single-authored papers and multi-authored articles. Furthermore, in contrast to the findings of Laband and Tollison (2000) , we also discovered variation in the pattern of external funding for multi-authored papers. Looking only at multi-authored articles (848 papers), the average number of authors who did not mention financial support was about 2.32, while the number of article authors that mentioned financial support was around 2.56. A mean comparison test once again provided statistical evidence for a significant difference. Later in this paper, we examine the impact of external funding on the number of article authors. 
Summary
To summarize, we have identified a number of interesting trends. We have shown that the incident and extent of co-authorship increased significantly between 1974 and 2010. Furthermore, empirical research has gained increasing prevalence over time, and the number of acknowledged persons has increased. The fraction of articles in which a woman participated has risen from almost 0 % to more than 30 %. In addition, while only 16 % of co-authored articles were written by geographically distant authors in 1975, this share increased to 75 by 2010. In the following second part of this paper, we employ various empirical models to identify the most important drivers of collaboration.
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IV. SEARCHING FOR EMPIRICAL EVIDENCE
A. CO-AUTHORSHIP What are the motive forces behind these trends? To explain the findings described in the previous section, we need to test for several hypotheses with regard to the coauthorship structure of papers (Barnett et al., 1988) . Can these trends perhaps be explained by Adam Smith's observation that an increasing market size leads to more specialization (the division of labor hypothesis, McDowell and Melvin (1983))? Barnett et al. (1988) were the first to highlight and explain the carrot-and-stick argument (the opportunity cost of time hypothesis): They claim that the opportunity cost of time in the profession has increased and that this increase has affected the market for the production of publishable articles. Yet alongside the increase in the volume of publications that has been witnessed in recent decades, there also appears to have been an increase in research complexity and specialization. This, in turn, has fostered a need for increased collaboration, as has been noted by Barnett et al. (1988) for other fields of economic research (i.e. the quality hypothesis). We investigate whether this finding holds true for environmental and resource economics, a field that also deals with climate change. "Given that the problem scope of climate change is broader than any single discipline, the scientific community must draw on extensive knowledge from various scientific disciplines" (Bjurström and Polk, 2011, pp. 1-2) . Finally, we draw on a hypothesis that has been adapted from portfolio theory (the diversification hypothesis). It states that the authors of economic papers try to spread their risk in light of uncertainties involved in the process of getting published (e.g. the referee process, the time delay between submission and publication), and that "(T)his uncertainty, of course, can be particularly disquieting to those facing the tenure clock" (Barnett et al., 1988, p. 540) . Furthermore, research has become more demanding in terms of both skill and financial expense, a critical mass of expertise and reputation is now necessary in order to obtain external funding. We therefore use our data to test a fifth hypothesis which states that the acknowledgment of external funding has a positive influence on the number of authors (the competition for external funding hypothesis). Again, we want to emphasize, that theses five hypotheses are only the starting ground for further estimations we employ later in the paper. To test which hypotheses are valid in the case of environmental and resource economics, we employ the following empirical model with our dataset: (1)
The variables are:
• NO = Number of authors
• PAGES = Number of adjusted pages
• [QUALI] = Dummy variable for a qualitative article (= reference category)
• THEOR = Dummy variable for a theoretical article
• QUANTI = Dummy variable for a quantitative article
• QUANTITHEOR = Dummy variable equal to one for papers that are both quantitative as well as theoretical
• ACKNOWLEDGE = Number of researchers in the acknowledgements
• TOP10CITED = Leading articles
• TOPINSTITUTION = Dummy variable if one of the authors is located at a top institution
• SUBMISSIONS = Number of total submissions to the journal
• EXTERNALFUND = Dummy variable for the acknowledgment of external funding
• TREND = Control variable for time trend A few words on the variables. NR is self-explanatory. We had to employ a page-adjustment procedure in order to take into account several layout changes over the 36 years. In this regard, we randomly picked 3 articles for each year and counted the words on a page solely filled with text (no graphs, tables, etc.). Then we took the mean and indexed the value to construct 1974-page equivalents. 10 PAGES therefore represents the adjusted page numbers. As mentioned in the previous section, we classified the articles by type. QUALI is a dummy variable indicating purely qualitative articles (e.g. surveys or case studies without empirical work). QUALI serves as our reference category for the type of article and the three other categories are to be interpreted as relative to QUALI. THEOR is the dummy for purely theoretical work or papers that utilize techniques such as simulation to artificial data. 11 QUANTI is a dummy variable for purely empirical papers in which almost no theoretical models serve as a basis for estimation. Another condition for classifying an article as empirical is the use of real data. QUANTITHEOR designates articles that include both substantial theoretical and empirical components (e.g. the derivation of reduced form estimation equations from a theoretical model and their testing in an econometric framework). As mentioned, we also counted the number of people that were acknowledged at the outset of each article (excluding the thanks to the two or three anonymous referees).This number is reflected by the ACKNOWLEDGE variable. We also constructed a TOP10CITED variable, which indicates the leading 10% of the articles in terms of citations. 12 We are aware that such an approach favors older articles and thus articles with fewer authors. However, when running our regressions with alternative measures of lead articles, the results change neither qualitatively nor quantitatively. 13 The variable TOPINSTITUTION is a dummy and equals one if an author is located at a top institution (according to the top ten institutions in Shogren and Durden (1991) ). SUB is the number of submissions to JEEM each year. EXTERNALFUNDING is a dummy variable that equals one if external funding was acknowledged in the article. TREND is a control variable for an existing time trend in the number of authors. In terms of our regression equation, the five hypotheses can be interpreted as follows.
The division of labor hypothesis posits that the division of labor is bounded by the size of a market, and that increased specialization is necessary. This arguments holds not only for efficient pin production but also for the scientific profession. As we have descriptively shown above, the number of articles and pages written in the field of environmental and resource economics has considerably grown over the past two decades. With the growth of the field, pressures have arisen for researchers to specialize in niche areas, not least to improve chances of publication. This pressure to specialize, while impacting all fields of economics, has been particularly acute in environmental and resource economics, due to its interdisciplinary nature. Moreover, we expect that this specialization process has become more intense as a result of increasing computational resources, the availability of powerful software applications, and the expansion of the internet. The attendant decrease in transaction costs for knowledge generation and its worldwide exchange could be one of the reasons for the observed increase in co-authored articles. For example, if one researcher is a predominantly theoretical economist trying to investigate empirically the effects of, say, the implementation of a carbon tax and its impacts on an industrial sector, he will try to collaborate with another researcher who is skilled in econometric modeling and simulation analysis. Such a combination of two or more authors may help or even be necessary to make a valuable scientific contribution. We thus hypothesize an increasing incidence of co-authorship over time: We therefore argue that the number of authors increases in tandem with number of pages, that purely qualitative articles and theoretical papers are written more often by a single author, that quantitative articles increase the need for additional authors, and that articles that are both theoretical as well as empirical also increase the number of authors.
Hypothesis 1 The division of labor hypothesis implies
The opportunity cost of time hypothesis attempts to capture the increasing pressures on economists to publish. The decreasing costs of transportation and the eased communication offered by the internet have made knowledge exchange very easy. Nevertheless, science has become more complicated and a single economist may have to discuss his or her topic of interest with other colleagues. Furthermore, the "opportunity cost of time of the typical member of the profession has increased" (Barnett et al., 1988, p. 540) . Accordingly, we posit that these time pressures have led acknowledgement to become increasingly common, as contributors lack the time to provide the substantial feedback that would merit co-author status. There is thus of trade-off of sorts for contributors between providing some input (to receive acknowledgement) or extensive input (to receive coauthor status). We test this trade-off between the number of articles and the number of acknowledged people:
Hypothesis 2 The opportunity cost of time hypothesis implies
The quality hypothesis is a mixture of the division of labor and opportunity cost of time hypotheses. Economic research has become increasingly complex over the past century indicated by the rise in quantitative content and empirical approaches. Even the bias of leading economic journals against empirical analysis in the 1960s has disappeared. A combination of skills thus tends to be necessary nowadays to maintain a certain quality level (Figlio, 1994) . Additionally, the number of economists over time has grown faster than journal space, so that the competition for journal space has intensified. In this way, if the quality of an article as measured by citations is improved by additional collaborators and if the competition for journal space has intensified, we expect leading articles to have been written by more than one author:
Hypothesis 3 The quality hypothesis implies The diversification hypothesis attempts to capture a risk-bearing behavior of academic scholars, who are exposed to uncertainties with respect to publication. As survival in academia is strongly dependent on publication in refereed journals, the author of an article is regularly exposed to the opinions of two or more anonymous referees. Not every researcher is such an inspired writer like e.g. Robert Solow, who, when asked if one of his articles was rejected, answered: "The fact is that I have never had paper rejected by a journal. Probably this is because I hate writing articles" (Gans and Shepherd, 1994, p. 165) . Whether "academics sell their soul to conform to the will of others, the referees and editors, in order to gain one advantage, namely publication" (Frey, 2003, p. 206) or whether they simply have to collaborate due to market saturation and to increase the probability of publication can be tested with the diversification hypothesis. As the field has become more complex and the workload of referees and editors has increased, there could be a tendency toward more collaboration to minimize the random variance effect of the publication process. We investigate the number of submission to JEEM each year
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and compare it to the papers accepted. 14 If more articles were submitted to the journal, then each editor and referee had less time to investigate the paper for potential publication. Changing submission volumes are likely to increase the uncertainty in the referee process. We expect that this would intensify the incentive toward collaboration:
The competition for external funding hypothesis stems from the division of labor, the opportunity cost of time and quality hypotheses and has been previously examined only rudimentarily. 15 As research has become more demanding in terms of both skill and financial expense, a critical mass of expertise and reputation is now necessary in order to obtain external funding. Bjurström and Polk (2011) , for example, argue that environmental and resource economics are characterized by a high degree of interdisciplinary research. Thus, two effects are likely: First, a funding institution will give money only to a group of people. This can have potentially an effect on the number of authors. Second, research is conducted in teams, which results in a higher number of authors. This leads us to our last hypothesis:
Hypothesis 5 The Competition for External Funding Hypothesis implies δN O δEXT ERN ALF U N D > 0
Estimation and Results
We excluded 2 outliers (< 0.01%) from our sample. These were the articles by Howe et al. (1994) , written by 9 authors and Loehman et al. (1979) , written by 12 authors. We then started our estimation with an ordinary least squares estimation, being aware of the discrete nature of the dependent variable. Hence we expect heteroscedastic disturbance and unbiased but inefficient estimators. Subsequently, we employed an ordinal probit model for the number of authors, in line with Barnett et al. (1988) , to ensure consistent and asymptotically efficient estimates. As all tests for heteroscedasticity suggest evidence for heteroscedasticity in the framework of non-robust OLS estimation. 16 , we also used a feasible generalized least squares estimation procedure (Wooldridge, 2002) . Finally, we estimated a probit model to determine which factors affect the probability of an article being co-authored or not.
The estimation results for the ordinary least squares, the ordered probit, and the FGLS estimates are summarized in table 2. The obtained results for all of the models are qualitatively similar. While the overall explanatory power in terms of the R 2 is sufficiently satisfactory, the individual coefficient estimates are all statistically significant at the 1 % level with the exception of the TOP10CITED variable (insignificant in all models). We find strong support for three of our five hypotheses (the Diversification Hypothesis remains untested) and mixed evidence for the Quality Hypothesis. The Division of Labor Hypothesis is founded by the coefficient estimates for PAGES, THEOR, QUANTI, and QUAN-TITHEOR. While rather qualitative or theoretical papers are mainly written by a single author (the hypothesis that the coefficient on THEOR equals zero results in a p-value of 0.94), there is statistical evidence that the number of authors increases with the amount of pages, if an article is empirical in nature, or if a paper contains both theoretical as well as quantitative analysis. The coefficient that tests the opportunity cost of time hypothesis, AC-KNOWLEDGE, also has the expected sign and is statistically significant. The competition for external funding hypothesis is supported by the positive coefficient estimate for EXTER-NALFUNDING. However, there is only mixed evidence for the quality hypothesis. While the estimate for the TOP10CITED variable is not significant, the TOPINSTITUTION variable adds a lot of explanatory power. Nevertheless, we cannot confirm nor reject the Quality Hypothesis. To provide an example: Our ordinary least square model predicts that a paper consisting of 20 pages, carrying out empirical and theoretical analysis, and acknowledging financial support will be, ceteris paribus, written by 2.5 authors. We also employed a probit estimation model in order to determine the marginal effects of the explanatory variables. The dependent variable in this case equals one if an article was co-authored, and zero otherwise. Again, all variables aside from the TOP10 variable are statistically significant at the 1 % level. We will now focus on the most important marginal effects (evaluated at the sample mean using the standard delta method). Ceteris paribus, if an article is quantitative or contains quantitative and theoretical work, the probability that it was written by more than one author is higher by approximatively 26 % and 22 %, respectively. The effects of a top institution and the acknowledgement of external funding have the largest impact on the probability with ≈ +25% and ≈ +14%, respectively. Hence, the probit model also supports 3 out of the 5 stated hypotheses.
B. IMPACT OF QUANTITATIVE CONTENT ON CO-AUTHORSHIP
Our strong support for the division of labor hypothesis and the opportunity cost of time hypothesis could indicate, on the one hand, that the economics profession has become more technical, or, on the other hand, that collaboration between different types of economists has become more necessary as the market has grown. However, we want to extend our analysis beyond the five hypotheses from the previous section. We now investigate the impact of quantitative content on co-authorship. We analyzed all 1436 articles for various measures of quantitative content. Due to the results obtained above, we expect the probability of co-authorship to be an increasing function of its quantitative content (Laband and Tollison, 2000) .
Our estimation strategy consists of three steps: First, we estimate a simple probit model, with co-authorship status as the dependent variable and several control variables as explanatory factors. Subsequently, we employ a two-stage instrumental-variable approach to circumvent arising endogeneity issues, where we control for article type before evaluating the impact of quantitative content. Finally, we restrict our sample to the 825 co-authored articles to check the robustness of our results and to include the information, if two authors were geographically distant. Our first model is:
The variables are used in this subsection are:
• CO = Dummy equal to one if article is co-authored, otherwise 0
• FEMALE = Dummy equal to one if a woman is involved in writing the article, otherwise 0
• EQUAT = Number of equations in the article
• TABLES = Number of tables in the article
• FIGURES = Number of figures in the article
• APPENDIX = Dummy equal to one if article has an appendix, otherwise 0 Again, some words on the variables. The dependent variable is the status of coauthorship and equals one if an article was co-authored and zero if not. PAGES is similar to the models before and indicates the number of adjusted pages. FEMALE is a control variable for the gender of an author (Laband and Tollison, 2000) . EQUAT is the number of (numbered) equations in an article. 17 TABLES and FIGURES are the number of tables and figures in the article, and APPENDIX a dummy variable for whether a paper had an appendix or not. Since we know whether each of these articles was written by more than one author and we have collected information about the quantitative content of each article published in JEEM, we were able to investigate the statistical significance of the relationship between the quantitative content of a paper and the probability of coauthorship. Table 4 summarizes the estimation results for five different alternatives of model 3. We have included a "female author involved dummy" as well as the number of adjusted pages in every model, following Laband and Tollison (2000) .
Our models A to D estimate the separate effect of equations, tables, figures, and appendices on the probability that an article is co-authored or not. While equations and appendices have a negative influence on the probability of co-authorship -both are significant at the 1 % (equations) and 10 % (appendix) level-the impact of tables is positive and significant (1 % level). Model E evaluates the joint impact of quantitative content on the relevant probability. The coefficients and marginal effects remain almost unaltered and hence robust across all model specifications with the exception, that the coefficient on appendix loses its significance. One surprising fact that is shown by these models is that the marginal effect of a female involved in authorship increases the probability that the article was co-authored by 13.4 to 16.1 % (significant at the 1 % level in all models). However, there are two fundamental problems with model 3. First, it might be not correctly specified, i.e. by ignoring important variables or unobserved heterogeneity. And second, endogeneity issues could potentially arise with our measures of quantitative content and the decision to co-author. We thus employ an instrumental variable approach by using a two-stage estimation procedure, as suggested by Wooldridge (2002, p. 623) . In the first stage, we estimate three similar probit models j with the type of article as the dependent variables (j ∈ (T HEOR, QU ALI, QU AN T I)) and our variables for quantitative content and other potentially relevant characteristics as regressors.
with j ∈ (T HEOR, QU ALI, QU AN T I) This results in an exogenous control for article type and the other drivers of the decision to co-author. We have chosen QUANTITHEOR as the reference category for arbitrary reasons; the results do not change with another reference category. As three of our regressors in our second stage would be binary response variables in the case of a single stage estimation, we can apply the methodology suggested by Wooldridge (2002) . Therefore, we save the obtained predicted probabilities with robust standard errors and use them as regressors in the second stage. This approach has the advantage of avoiding potential endogeneity issues due to simultaneity bias. Moreover, the first stage regression model does not need to be correctly specified. We use the robust standard errors due to the presence of heteroscedasticity. We thus obtain unbiased but less efficient in-strumental variable estimators. The results for the first stage are summarized in table 5. Our models for article type as a function of quantitative content and the other characteristics perform very well in terms of goodness-of-fit. Moreover, it is a very good indicator that our by-hand classification of article-types was appropriate. If, say, the coefficient for tables would have been positive for theoretical articles, our classification system would have also been erroneous, as one expects tables to appear in rather quantitative articles (as it is the case in our probit model for QUANTI). The second stage regression is also a probit model and takes the following form: The final results are summarized in table 6, which also compares the endogenous estimation with the instrumental variable results. Comparison of the endogenous estimates and instrumental variables estimates shows the lower efficiency of the estimators, as the standard errors are slightly larger. The endogenous model emphasizes the impact of the quantitative content of an article on the probability of co-authorship. At least the coefficient for number of equations is statistically significant. Surprisingly, the coefficient is negative. After controlling for potential endogeneity issues and other potentially influential factors, we find the instrumental variables probit model predominantly captures the type of an article rather than the quantitative content. Hence, in the endogenous model, the impact of quantitative content is overestimated and the coefficients are biased upwards. The only measures of quantitative content that are significant are tables and figures. But the coefficients have the opposite sign, as in the estimates by Laband and Tollison (2000) . 18 Both models find a stable relationship between gender, the presence of external funding, and the status of co-authorship.
Our final empirical exercise investigates the subsample of the 826 co-authored articles. This allows us to include a new factor to control for: whether two (or more) authors were geographically separated or not (the DIFFERENT_ INSTITUTION variable). 19 Our criterion for declaring two authors to be geographically separated was not institutional affiliation but the geographic distance (> 100 miles). So, if one authors was, say,at Harvard University and the other author at Boston University, the article was not declared as written by geographically distant authors. We extend the first stage probit estimations by including the DIFFERENT_ INSTITUTION variable. 20 Then we employ an instrumental variable approach to obtain the following estimation model: 
Again, it turns out that after controlling for article type, the quantitative content does little to explain the number of authors. Other factors play a much larger role, such as whether a female was involved or external funding was acknowledged. Our estimations also reveal that the geographic separation of authors has a positive and statistically significant influence on the number of authors, much more than the quantitative content. 
V. CONCLUSION
In this paper we investigated JEEM, the leading journal in the field of environmental and resource economics, with respect to the development of intellectual collaboration between the authors of published articles. First, we presented a descriptive analysis of important characteristics. We then investigated empirically the influence of these characteristics on the status of co-authorship. We tested five interesting hypotheses concerning co-authorship using our sample of all 1436 articles published in JEEM between 1974 and 2010. We found support for the division of labor hypothesis, the opportunity cost of time hypothesis, and the external funding hypothesis. While we could reject the quality hypothesis we were only able to test the diversification hypothesis with a restricted sample. In contrast to previous studies (e.g. Laband and Tollison, 2000) , we found substantial differences in the pattern of external funding for single-authored and co-authored articles. We conjecture that these differences in external funding could be due to the interdisciplinary nature of environmental and resource economics (Bjurström and Polk, 2011 ). Yet a final question remains that was not tested empirically within the scope of this paper: Why all the effort? The answer appears to be simple: scientific curiosity of two collaborating environmental economists. 
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